It is widely accepted that all dentists should have a thorough understanding of the muscles involved in moving or stabilizing the mandible. However, there is still much discussion regarding the influence of the mandibular muscles on normal facial growth and dental development, as well as on orthodontic treatment and post-treatment stability. Potential patients with different underlying vertical muscle patterns will have differences in the expected directions of future mandibular growth, lateral profile shape, facial and arch widths and vertical occlusal relationships. In turn, thorough diagnoses are likely to lead to differences in individual aims and objectives, treatment plans, timing of commencement, mechanical design, lateral profile and smile-aesthetics outcomes, choice of retention and plans for long-term maintenance. The potential influence of the mandibular muscles on normal morphologic variation and the soft tissue implications on contemporary orthodontic treatment and stability will be addressed in this review.
INTRODUCTION
The practice of contemporary orthodontics involves an understanding and application of biomechanical principles that enable the orthodontist to achieve planned and visualised dento-facial outcomes. Treatment planning should not, however, be totally based on biomechanical considerations but, should be undertaken against a background and awareness of the individual craniofacial muscular environment of each patient. 1, 2 The mandibular muscles, especially, are of significant importance when discussing the aetiology of presenting conditions and the planning of active treatment and retention. Mandibular muscle form and function have previously been shown to be closely associated with the morphologic features of the skeletal structures to which the muscles are attached. [3] [4] [5] [6] [7] Many attempts have therefore been made to investigate the complex relationship which exists between the mandibular muscles and the underlying vertical facial pattern. [3] [4] [5] Previous authors have attempted to describe the normal variation in the vertical dimension of the human face. [8] [9] [10] [11] Identified have been three basic vertical types ( Figure 1 ): dolichofacial (high-angle), mesofacial (average), brachyfacial (low-angle). [12] [13] [14] All three vertical patterns can exist in combination with each of Angle's occlusal classes. 15 No one Angle's occlusal type is always found with one vertical type. As a result not all patients, even those with similar presenting occlusions, can be treated alike. 3 
THE RELATIONSHIP BETWEEN THE MANDIBULAR MUSCLES AND MASTICATORY FUNCTION AND STRENGTH

Bite force
In dolichofacial subjects, significantly smaller molar bite forces have been found during maximum effort compared with forces levels generated by mesofacial and brachyfacial subjects. 16, 17 This implies that a correlation exists between bite force and facial morphology. These findings have been used in support of the theory that the ultimate form of the primarily genetically-determined face is significantly influenced by the strength of the mandibular muscles. 16 According to Kiliaridis, strong muscles produce faces with similar morphologic features, whereas weak muscles do not influence the morphology to the same extent. and facial morphology. 19, 20 A common finding has been that the masseter and medial pterygoid muscles have large cross-sections in people with shorter anterior face heights and relatively smaller gonial angles. This has recently been confirmed with threedimensional computed tomographic studies of subjects with different underlying patterns 21, 22 The CT studies have also highlighted a similar relationship between muscular cross-sectional area and vertical skeletal pattern. It appears that subjects with relatively shorter faces have broader cross-sectional areas of the masseter and medial pterygoid muscles in particular. Significant positive correlations have also been reported between the cross-sectional areas of the masseter and medial pterygoid muscles and maximum molar bite force. 8 Three-dimensional muscular angulation and mechanical advantage According to previous authors, a short posterior face height, a steep mandibular plane and large gonial angles are often associated with anteriorly inclined superficial masseter muscles in relation to the occlusal plane and the superior positioning of the masseter insertion onto the mandible. 4, 7, 9 This association has been confirmed in recent three-dimensional CT assessments. 21, 22 Theoretically, in a biomechanical model, the efficiency with which a muscle generates a force at a particular point on the lever arm is related to its mechanical advantage. This has been defined as the ratio of the moment arm of the muscle to the moment arm of the load. 7 Most notably, Throckmorton et al. attempted to explain that the significantly smaller bite force measured in dolichofacial subjects might be largely explained by the reduced mechanical advantage of the mandibular muscles in these subjects when compared with those in subjects with more vertically oriented muscles (brachyfacial types). 23 Natural dental arch widths, anteroposterior positions and vertical relationships It is acknowledged that subjects with different vertical facial patterns are likely to have considerable differences in naturally-occurring facial and dental-arch widths. 22 Overall, it seems that the more brachyfacial the subject, the broader the natural facial and dental arch widths are likely to be. The opposite occurs in dolichofacial subjects. The dental arch width relationships are more closely associated with the upper arch ( Figure 2) . When analysing the positions of the anterior teeth on the underlying bone and within the face, it is often obvious that the incisors are positioned well forward (regardless of overjet) in longer faces, often with more convex lip profiles. Equally, it is common for the incisors in shorter faces to appear relatively upright (even retroclined), often with more concave lip profiles. Historically, such differences in tooth protrusion and lip convexity were simply attributed to differences in tonicity of the lip muscles. While there is still likely to be an association with those facial nerve-controlled lip muscles (especially after active treatment during retention), it is now widely-accepted that the differences relate to the more complex interactions of the mandibular nerve with the mandibular muscles, jaws, teeth and lips which occur in relation to different directions of mandibular growth rotation. 14, 24 While in most cases, overall anterior and posterior dentoalveolar heights seem to be smaller in subjects with generally shorter faces and stronger underlying muscle patterns, there is, in contrast, considerable variation in the anterior vertical dental relationships. It is commonly considered that deep overbites are mainly associated with brachyfacial patterns and open bites with dolichofacial patterns. All clinicians should appreciate that examples of increased and reduced overbites can be found in subjects with tendencies towards either vertical facial extreme.
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The form and function question
In all living things, there is often a definite relationship between form and function. Despite much previous research, it is still not absolutely known whether a genetically-determined facial pattern dictates the strength of the mandibular muscles or whether a strong musculature influences the ultimate form of that genetically-derived face. 1, 16, 17 All available evidence suggests that the latter probably applies. In recent laboratory studies, it has been shown that surgical or pharmacological interference with the function of the mandibular muscles can lead to major changes in the shape of jaw bones in developing animals. 25, 26 The animals do not change their overall genetically-determined, speciesrelated appearance but the development of various local structures can be significantly distorted. Whether consequent bite-force differences in humans play a role in determining the ultimate facial morphology or, instead, merely reflect the mechanical advantage held by the muscles in the different facial types is still controversial. The model of Throckmorton et al., demonstrates the unfavourable mechanical position of the mandibular muscles in dolichofacial subjects, implying that muscular function is definitely influenced by the genetic skeletal form. 23 This is supported by the observation that a dolichofacial skeletal pattern can be recognized before decreased occlusal forces can be measured. 17 This, in turn, strongly suggests that decreased muscular forces seen in dolichofacial patients are originally an effect of the skeletal pattern, rather than a direct cause of it. 16, 17 
Mandibular rotations occurring during growth and treatment
The importance of an understanding of the vertical pattern and growth rotations first became apparent with the pioneering work of Bjork, who used metallic implants to show that the internal core of the mandible rotates forwards or backwards during growth, with the overall shape kept reasonably stable because of substantial surface remodelling. 27 As first pointed out by Schudy, if condylar growth is greater than the vertical growth in the molar region, the mandible will rotate forward, resulting in more horizontal movement of the chin. 15 Conversely, if vertical growth in the molar region is greater than that at the condyles, the mandible will rotate backward, resulting in a greater anterior facial height, with less effective horizontal chin projection. It is this molar vertical movement which seems to be under natural muscular control to a greater or lesser extent.
THE RELEVANCE OF THE MANDIBULAR MUSCLES AND THE UNDERLYING VERTICAL PATTERN TO ORTHODONTIC TREATMENT
The need for vertical control and timing of treatment Because of differences in muscle mechanical advantage, structure and strength, as well as differences in the direction of facial growth rotations, varying methods of vertical control will be necessary for patients who present with different vertical patterns, regardless of their anteroposterior skeletal or occlusal problems. 28 An undesirable backward rotation of the mandible can easily occur during treatment if the underlying muscle pattern is not properly considered. 29, 30 This might lead to a detrimental increase in profile convexity in dolichofacial patients. In general, most brachyfacial patients require strong bite-opening mechanics during orthodontic treatment, in what is often a powerful muscular environment. In contrast, dolichofacial patients often require control and restriction of vertical development, in an attempt to avoid extrusion of the posterior teeth. Furthermore, if molar extrusion occurs during treatment in brachyfacial patients, there is likely to be a strong tendency toward re-intrusion because of the influence of the muscles during function. It might therefore be difficult to achieve permanent extrusion of the molars and backward rotation of the mandible in these patients, even though the extrusion may be a major aim of treatment. In dolichofacial patients, it is very important to control the vertical dimension if stability and facial balance are to be achieved. 31 The use of interarch elastics and various headgears and functional appliances should be carefully considered and controlled in vertically-growing patients. 31 If it is accepted that the face in a brachyfacial subject is likely to become more concave with growth, the clinician will be aiming to provide maximum fullness in both smile-width and lip curvature. The opposite will often apply to dolichofacial patients ( Figure 3) . 31 Therefore, active treatment is often commenced earlier in brachyfacial patients (while the E-spaces and considerable facial growth still remain) in order to bias realistic treatment decisions towards the non-extraction of premolars. 28 In dolichofacial subjects, the tendency will be to commence full active treatment later, in the permanent dentition, so that the teeth can be carefully moved (often retracted) to positions of balance within the fully-grown face. 31 
Extraction/non-extraction and missing-tooth replacement decisions
Because of the need to avoid undue opening of the vertical relationship during treatment and to avoid increasing lip protrusion and convexity, extractions of premolar teeth (with or without enhanced vertical and anteroposterior anchorage) may be necessary in dolichofacial patients, in particular. [31] [32] [33] [34] [35] [36] [37] It has been shown that, if premolars are extracted in dolichofacial patients, there is still likely to be an increase in overall vertical facial dimension. In brachyfacial patients, there is likely to be either no change or a slight decrease in that dimension. 29 The rule suggests that the natural individual muscle-related vertical dimension will be maintained.
Similar considerations apply in cases of missing lateral incisors or premolars. The overall facial aims need to be determined first, because varying underlying muscle patterns will lead to different decisions. For instance, a broad-face, brachyfacial appearance may be an important factor leading to the choice of prosthodontic replacements. Alternatively, with a narrower, longer-faced, convex appearance, space closure and maintenance of natural arch width may be more appropriate. In many mesofacial and dolichofacial patients, a missing lower second premolar may be advantageous, especially in the presence of considerable crowding. Whatever the case, in a weaker muscular environment, controlled space closure may be relatively straight forward. In some brachyfacial patients, it may also be possible to attempt lower space closure, with the aid of temporary anchorage devices to help support the closure towards forward molar movement. There may, however, be other brachyfacial patients in whom it is best to leave the second primary molars in place -for later replacements, if and when necessary. It is the natural muscular vertical anchorage which makes the movement of posterior teeth, at times, very difficult.
Discussions related to smile-width and smile-arc are different when planning treatment for patients with different underlying muscle patterns. 38, 39 In dolichofacial patients, the occlusal plane is relatively steeper and naturally tends to provide a smile arc which closely matches the lower lip curve. However, the natural occlusal plane in relatively brachyfacial patients can be nearly horizontal. Even with prescribed differences in heights of bracket placement, the muscles may still prevail in these patients by maintaining the occlusal plane, resulting in a relatively flat upper incisal line.
The need for expansion
If there are true buccal cross-bites, in most patients, enthusiastic expansion will be necessary in the upper arch. In broader faced brachyfacial patients, the provision or maintenance of an equally-broad upper arch may well be the aim of treatment, but in longer-faced dolichofacial patients, control of the entire dentofacial pattern is likely to mean that upper arches are not expanded from their natural presenting dimensions. 31 Space for alignment, bite correction and a reduction of protrusion is then most likely to be supported by the extractions of permanent premolars. [33] [34] [35] Because of the muscle-related arch-forms, jaw heights and widths, aggressive expansion is unlikely to be appropriate in the lower arch in any vertical pattern unless there is a total-arch scissor-bite. Some rounding of the lower arch-form following bite-opening may be possible within the broader symphyses seen in brachyfacial patients (Figure 4 ).
Class II correction
Historically, various headgear devices have been used to push or pull the teeth or to hold the maxilla and its arch, in both the anteroposterior and vertical dimensions. More recently, as much for reasons of fashion as for anything else, various fixed and removable Class II correctors have been promoted for use instead of headgears. Despite many claims of the potential for vertical control or influence with various fixed correctors, most recent studies of samples of treated patients show that control does not usually occur and that the original underlying vertical muscle Fig. 4 Muscular, lower dental arch and coronal CT canine cross-section views (left: brachyfacial, right: dolichofacial). Note differences in skeletal shape, masseter angulation, natural lower dental arch-width and lateral alveolar support for the dentition.
pattern is likely to be maintained, regardless of any accompanying anteroposterior change.
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Orthognathic surgery
Orthognathic surgery may be combined with orthodontics to deal with problems in any or all dimensions. 43.44 In many patients, vertical changes and control are important parts of overall management. 45 Differences in the necessary three-dimensional operative procedures for patients with different underlying vertical muscle patterns are now well-accepted. Differences in the preparatory orthodontic aims are also well-documented. 46 Even with recently-promoted alternative forms of early surgical treatment, the need for vertical control before, during and after surgery is very important. Jacobs and Sinclair 46 were the first to suggest that, for optimum efficiency of treatment, stability, and aesthetic change, levelling of mandibular curve of Spee should generally be left until after surgery. Indeed, in most Class II deep-bite patients, it is common practice to leave final levelling until after surgery so that, at least in theory, postsurgical extrusion of the posterior teeth might enhance any surgical increase in lower face height. 43, 44 That theoretical post-surgical extrusion probably now needs to be questioned. Instead, it seems more likely that the muscles might limit any significant extrusion in brachyfacial subjects, so that final levelling still includes a considerable amount of anterior intrusion. In contrast, in longer-faced patients, most arch-levelling should be carried out before surgery [43] [44] [45] [46] to avoid, as much as possible, postsurgical extrusive effects. Arch coordination and preparation are generally more easily achieved in these longer-faced patients because of the decreased vertical muscular anchorage. 28 From the results of current longer-term studies, it now seems that, over time, there is likely to be some return towards pre-existing muscle-related vertical jaw positions in those patients in whom considerable vertical movements were carried-out by surgery. 47 
Longer-term retention and follow-up
Given that it is very much accepted that the muscles will continue to exert their influence throughout life, 24 especially in cases in which significant vertical changes have been made during active treatment, 48 it is reasonable to provide for continued vertical control during retention. For instance, after vertical jaw opening in the treatment of brachyfacial patients, anterior bite planes may be useful in attempting to limit post-treatment bite-deepening, at least for as long as it takes for the pretreatment muscle-related vertical jaw positions to be re-established. In all humans, it is expected that there will be continued tooth movements throughout life. 24, 29 Therefore, the concept of longterm, if not life-time retention, is well accepted. This especially applies to the maintenance of the occlusion after vertical changes have been made during active treatment.
Pain and dysfunction in the joints and muscles
The results of many cross-sectional population studies have shown that there should be no greater expectation of joint or muscle dysfunctional problems after orthodontic treatment than might be expected in the general population. Equally, there is no broad evidence that the use of fixed appliances or other orthodontic devices to align the teeth or change the bite is immediately successful in eliminating pain and dysfunction. 49 Obviously, the aetiology of temporomandibular joint dysfunction is multifactorial and, therefore, the management of individual patients also needs to deal with the range of factors which might be involved. 50 In cases of bruxism, a strong brachyfacial pattern may predispose to greater or faster wear of occlusal surfaces. In dolichofacial subjects, the extrusion of second molars, for instance, may predispose some patients to joint and muscle soreness. It is the recognition of these likely muscular and occlusal differences which is so important for all clinicians dealing with these variant vertical patterns. In the end, the mandibular muscles just need to be respected. They may become fatigued or go into spasm and may require periods of rest from active treatment, some temporary relaxing medication, or even the provision of various (generally full-coverage) well-adjusted occlusal splints. 50 
CONCLUSIONS
Just as in the discussion of the surrounding muscular environment for prosthodontic and general restorative work, the likely effects of the mandibular muscles should be considered when planning for orthodontic treatment. The choice of treatment mechanics, the timing of treatment and extraction decisions, might well be dissimilar in different underlying muscular situations, even for the management of apparently similar occlusions. In the contemporary environment then, the use of a single technique or philosophy of treatment, in which all patients are managed in the same way with similar devices, without consideration of the individual vertical muscular type, would appear to be unsound. From a review of the available historical and contemporary literature, it is reasonable to suggest that subjects at either end of the vertical facial spectrum are likely to pose the greatest challenges for clinicians during orthodontic treatment.
